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FOREWORD

This document consists of two volumes: Volume I, the Executive Summary,
and Volume II, the detailed Proceedings. Volume I was prepared from
Volume II and is being more widely distributed. Copies of Volume I (or
additional copies of Volume II) may be obtained from Ralph Caldwell,
507-108, DAC Project Manager, Jet Propulsion Laboratory, Califormia
Institute of Technology, 4800 Oak Grove Drive, Pasadena, Callfornla 91103
(telephone: (213) 577-9162, (FTS) 792-9162).
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DAC WORKING GROUP DOCUMENTATION PROCEDURE

It is important to the interpretation of the results
presented in this document to understand how it was prepared. It is
not a transcript of the DAC Working Group meeting, but rather a com-
pilation of the statements and recommendations made by participants.
The meeting consisted of panel discussions, informal presentations, and
small group discussion sessions, Information was collected in the form
of written notes, tape recordings and transcripts, questionnaires, and
submittals from participants. These source documents were collected by
the contracted documentation manager, ESC Energy Corporation, for prepa-
ration of the final documents. The raw data from the various sources
was loosely organized; consisting as it did of a collection of individual
and group comments and questions. The documentation contractor then
performed the task of distilling, organizing, and transforming this raw
data into a brief statement of the issues and recommendations made by
the Working Group participants. The tape recordings were retained as
a back~up resource to assure that the final documents accurately reported
the activities and conclusions of the meeting without editorial
inaccuracies.

it is important to recognize that the Working Group activi-
ties led to statements of issues, uncertainties, and needed actions
which may or may not be consistent with thé views of each of the organi-
zations represented. These statements are included in the final docu-
mentation as presented; no attempt is made to point out or reconcile
inconsistencies.’ )
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SECTION 1

INTRODUCTION

The meeting of the Distribution Automation and Control (DAG)
Working Group was held at Hunt Valley Inn, Baltimore, Maryland, on
November 20-22, 1978. -1t was sponsored by the Department. 6f Energy
(DOE), Division of Electric Energy Systems, and was conducted- by the
Jet Propulsion Laboratory (JPL). Approximately 35 people attended,
among them electric utility company representatives, manufacturer's
representatives (from companies having power distribution systems
experlence), and representatives of the Electric Power Research Insti- -

tute (EPRI), DOE, JPL, and Oak Ridge National Laboratory (ORNL) (see
‘Appendix B).

The meeting was held to provide a forum in which electric
utilities could communicate with each other, with DOE, and with DOE's
contractors regarding research, development, and demonstration efforts
to apply DAC to the electric power system (see Appendix C, Agenda).

In these discussions emphasis was to be placed on identifying the
priorities and needs for DAC development.



SECTION 2

PURPOSE

1

The Distribution Automation and Control (DAC) Working Group
was brought together to reach a common understanding on:

() The key issues and uncertainties to be'reéﬁiﬁed'priSE
to the economic application of Distribution Auto-
mation and Control Systems to Load Management, Dis-
tribution System Management, Fmergency State Control*
and Unconventional Energy Resources..

(2) -The existing state of the art in DAC, and current
research, development, and demonstration.

(3) Specific requirements for further research, develop—
- ment, and demonstration in the area .of DAC.

%#This term was later revised by the Working Group Session.
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SECTION 3

APPROACH

The Working Group gathered together individuals and
organizations working in various aspects of Distribution Automation
and Control including those clearly related to the Techmical -Motivations
(Load Management, Distribution System Management, Emergency State Con-
trol, and Unconventional Energy Resources). The meeting consisted of
a number of iIntroductory presentations, panel and plenary sessions,
discussions, and nine working sessiong of interactive discussions.
Through use of a workshop format, the participants shared experiences,
concerns, ideas, and insights, having the advantage of hearing and
responding to others with similar interests. The use of a workshop
structure, procedures, and materials provided a basic framework for
discussions. The meeting's activities revolved around the four Tech-
nical Motivations and six Areas of Issues..

3.1 TECHNICAL MOTIVATIONS

Technical Mcotivations are the broad functions to which DAC
can be applied to enhance operation of the electric utility system.

(1) Load Management.
(2 Distribution System Management.

(3) Preventive, Emergency, and Restorative State Control.

(4) _ Unconventional Energy Resources'Managemgnt._

3.2 AREAS OF ISSUES

Areas of Issues are groups of interrelated questions or
problems that must be resolved before DAC can be applied to the
Technical Motivations.

{1 Economic gnd Institutional Issues
(2) DAC Control Hieraxrchy.

{3) Comﬁunication System Alternatives
(4) DAC Impact on System Design.

(5) DAC Functional Requirements.

(6) New Source Integration.

#As renamed and redefined by Working Group Session.
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SECTION 4

OVERALL RESULTS AND STATEMENTS OF THE DAC WORKING GROUP

During the course of the interactive Working Group meetings,
it became clear that there were a number of recurrent issues, questions,
recommendations, and general statements. A review of Sections 7.1
through 7.9 reveals that even in the context of different topics, cer-
tain concerns were being voiced over and over again., This section
summarizes the major statements of most concern to the workshop parti-
cipants. Recommendations regarding the next important steps in DAC
development, as discussed by the participants in the summary session
at the end of the workshop, are listed in Section 5.

Economics

The cost effectiveness of each DAC component and the overall
system must be demonstrated credibly. A full system field demonstration
would be quite helpful in this endeavor. Economic justification is
almost always a prerequisite for implementation. Exceptions may be
applications that are forced by absolute functional necessity or
regulation.

Public Awareness and Education

The public sector is not well informed about the advent of
DAC technology and its potential effects, especially in load management.
Each utility should accept responsibility for educating its customers
and preparing them_for any changes.

Communications and Reliability

The communication system is perhaps the most vital element
of the DAC system. Since it transfers all of the metering information,
data, equipment commands, etc., it must be extremely reliable. Work
in developing improved communication alternatives must continue. One
need is readily identifiable: more frequency bands should be allocated
to electric utilities for use in load management and distribution
automation.

DAC Specification by Utilities

DAC systems must be specifically designed on a case-by-case,
utility~by-utility basis to meet individual needs. Therefore, there
must be a free exchange of system requirements between utilities and
researchers and manufacturers, to assure that systems developed for the
"general case'' are appropriate for the specific case. Clearer identi-
fication of DAC functions is required.



Regulation With Utility Input

Regulations can drastically affect new technoclogy develop—
ments, such as DAC technology, especially when applied in the utility
industry. Utilities therefore need to assume a more active role in
communicating needs to regulators and in monitoring new legislation.

Emergency Conditions — A Top Priority

Much discussion time was spent on what a DAC system should
do in certain preventive, emergency, and restoration situations. Even
though emergencies account for only a small fraction of any system's
operating time, DAC systems should be designed with emergency response
as a chief concern.

New Challenges from Dispersed Storage and Generation

) As new energy technologies, cogeneration, and dispersed
storage begin to represent a significant total power source, the utili-
ties must find ways of accommodating these dispersed sources. Many
issues are involved in a successful implementation, including interface
designs and control hierarchies for the dispersed units, and some of
these issues must be dealt with soon. The ownership of dispersed gen-
eration units is a significant concern and must be taken into consid-
eration in power control systems designs. Thus, well defined role
statements for privately owned units are needed for both normal and
emergency. operations. :

Minimization of Sccial Impacts

DAC development should be aimed at minimizing forced social
changes by the con&umer. The goal should be to use DAC to more effec~-
tively and efficiently meet all of the public's power needs without
requiring alterations in life styles. At the least, a choice of service’
options should be offered to the customer. T T

New Effects on Reserve Requirements

How DAC will affect reserve requirements is not known and
should be establishad.

Standard Means of Evaluation and Definitions

The industry needs a set of standards, including stan-
dardized methodologies, for economic and engineering feasibility
analyses of DAC. There is also-a need for standardization of the new,
spécialized terms accompanying the growth of this new technology.



Specifically, terms such as "load management" and “distribution
automation and control™ appear to mean different things to different
persons in the industry.

Relationship of DAC Systems to Distribution System Management

As a result of the Working Group's efforts, the relation-
ship of DAC to overall management and operation of distribution systems
was clarified. If distribution system management is defined as the
control and direction of the planning, design, construction, operation,
and maintenance of the distribution system to provide safe, economical,
high quality service to the customer, then DAC systems are those sys-
tems which provide for communications and control in support of dis-
tribution system management. Thus, a DAC system monitors and controls
the total distribution system, including any dispersed storage and
generation, and load control devices or subsystems, under all power
system states.

Data Needs
More data on customer reactions to load control, and on

the real results of load deferral, etc., is needed before load manage-
ment and related DAC systems can be adequately designed.

Independent RD&D

There is a great deal of activity in DAC and related
technology within the industry, but implications from thesé numerous
activities are not-usually considered in an overall, comprehensive
fashion,
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SECTION 5
SUMMARY SESSION
On the last day of the conference, nearly all of the
participants gathered to share their thoughts on what the DAC Working

Group had accomplished, where it could have been improved, and what the
next steps should be in the ongoing development of DAG technology.

Opening Remarks - David L. Mohre, DOE

The session began with a few remarks by David L. Mohre of
the Department of Energy, on his view of the accomplishments of the
DAC Working Group as seen from the DOE perspective. A synopsis of
Mr, Mohre's comments is given here.

At the end of a meeting such as the DAC Working Group, one
must ask if the desired objectives were met. We are pleased that this
workshop has been reasonably successful in meeting its objectives. The
use of discussion sessions, panels, presentations, and a mountain of
paperwork, has helped us more fully understand the issues facing DAC
development and what priority they represent to the industry. We felt
it was appropriate at this time to hold such a meeting as an opportunity
to "check—in" with the industry after nearly-3-1/2 years and approxi-
mately $7 million dollars of effort have been expended on RD&D related
to DAC, by DOE and EPRI combined. The feedback provided during the
workshop is of great value to us.

The workshop was also successful in that it provided an
excellent forum for the utility companies to converse with one another
and discover what is being done in DAC development by other companies
and organizations. The participants at this workshop have commented
that this opportunity for interaction has been guite beneficial and-
should be continued. We at DOE recognize that benefit and support a
continued dialogue within the power community.

DOE will continue its efforts to assist the utility industry
through DAC, RD&D and will, as a result of this meeting, make a special
effort in

® Dealing with regulators and regulations.
9 Gathering and locating information,
o Maintaining an ongoing dialogue on DAC developments

within the industry.

We will also produce a document from the results of the
DAC Working Group which will be of use to the participants and inter-
ested members of the utility community. As always, we welcome your
comments and will do everything we can tq respond tq your requests.

5-1



Paxticipant Comments

The major comments made by the participants during this
session are summarized here:

(1) TFuture meetings such as the DAC Workshop would be
helpful, especially in continuing to f£ind out what
other companies are doing in DAC. ‘Specific questions
should be addressed at other meetings such as:

(a) Regulations = What will they be and how should
utilities influence their formation?

(b) Controllable loads — What are the best types
of DAC applications especially related to
1vad management?

(e) What is a feasible standard approach for
assessing economic feasibility of these
systems?

(c) What are DOE contractors (other than JPL and
ORNL) doing in DAC, and what input should they
receive from the utility community?

(e) How will new forms of energy theft and system
tampering by use of advanced electronics be
dealt with? What is the potential dimpact of
such thievery?

(f)  Should DAC systems be integrated with control
of other utilities such as gas and water?
Perhaps a joint meeting would be appropriate.

(2) Formal or informal working groups (ad hoec,. EEL, etc.)
should be formed to establish industry wide defini-
tions of "new" terms in the DAC field. Particularly
important definitions include
(a) Load management,

(b} Dispersed storage and generat’ -
(c) Emergency conditions.

(d) DAC.

(e) DAC communications,

3 A common catchall term should be agreed upon which
embraces the entire field so as to avoid the use,

interchangeably, of the terms automatic meter reading,
load management, or DAC as the appropriate title.
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(4) Since the task of developing DAC is immense,
development must be carried out in a number of areas
in parallel. One possible way of organizing DAC
development would be to divide it into three areas:

(a) Technology development (hardware and component
design and costs).

(b) Economics (cost/benefit analysis).

(e) Public acceptance (surveying, educating, and
preparing customer for DAC).

Some organization should be designated to oversee
the formation of multidisciplinary working groups
for each of these three (or more) areas.

(5) More system demonstrations are needed, particularly
a totally integrated DAC system for meter reading,
time-of-day rate management, load management, emer—
gency control, integration of dispersed storage and
generation, etec. ' )

(6) The DAC Working Group, especially the chairmen,
should be regularly contacted by DOE, JPL, and ORNL
regarding future developments in the government's
research program.

Most of the participants felt that the DAC Working Group
meeting was generally beneficial to the utility and government communi-
ties. They felt that such a forum was necessary for the realistic
application of DAG_potential within the utility industry and for utility
input to other development oriented organizations. The reason that the
meeting did not produce many specific, detailed economic or engineering
conclusions was understood and accepted by most participants. It was
successful in initiating the dialogue necessary to properly manage the
development of DAC technology. The DAC Working Group meeting may
therefore be called a successful beginning, but only a beginning.



SECTION 6

PRESENTATIONS

During the DAC Working Group meeting, a number of presén-—
tations were made ‘as foundations to the interactive discussion
sessions.

The first four presentations (Sections 6.1, 6.2, 6.3, '6.4)
were glven during the first few hours of the Working Group meeting to
act as -an introduction to the topic of DAC.

The fifth presentation (Sectiop 6.5) was an informal after-

dinner talk to familiarize the participants with a rapidly growing
unconventional energy resource technology: solar power technology.

6.1 DOE OVERVIEW

David L. Mohre, Chief, Load Management Branch¥
Division of Electric Energy Systems
United States Department of Energy

NOTE

As the DOE representative sponsoring the Dis-
tribution Automation and Control (DAC) Working
Group, Mr. Mohre provided an informal descrip-
tion of DOE's involvement and interest in DAC.
Below_is_a brief synopsis of the major points
contained in his comments,

The DAC Working Group was called as a small, informal
meeting, by invitation only. The size was kept small, despite much
interest in attendance, in order to maximize interaction among the
participants and permit a good dialogue between government, the utili
industry, researchers, and some manufacturers. The meeting was spon-
sored by the Load Management Branch within the Division of Electric
Energy Systems of the Department of Energy.

The Load Management Branch's task is basically research,
developmént, and demonstration of advanced power systems, not regula-
tion or policy formation. Members of the group have extensive utilit
industry experience and are thus quite competent in the major respons
bilities of developing R&D objectives and managing research contracts
Some research is actually performed "in-house" by government labora-
tories. Oak Ridge National Laboratory, of nuclear power fame, is

#Position and title as of the date of the Working Group meeting.
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responsible for power systems studies in load management and
dispersed storage and generation, as well as many demonstration
projects.

The Jet Propulsion Laboratory, known for its efférts in
unmanned space flight and communications developments, is working in
distribution automation and control. Consequently, JPL is the primary
sponsor of this DAC Working Group. As technical people and researchers
DOE also works quite closely with the Electric Power Research Institute
(EPRI). We have interests and operations similar to those of EPRI;
however, EPRL is working primarily for the utility industry's concerns,
and DOE operates from the perspective of mnational energy concerns.
These areas do overlap, so cooperation to avoid redundant efforts is
carried on through sharing information and performing joint DOE/EPRI
projects.

The DOE involvement in load management and distribution
automation and control is directed at four major objectives:

(1) Improved overall system efficiency"in the use of
both capital and energy.

(2) Increased market penetration of coui, nuciear, aua
renewable domestic energy sources.

(3) Reduced reserve requirements in both transmission
and generation.

(4 Increased reliability of service to essential
loads.

It should be noted that these program objectives do not include an
overall reduction in power generation or consumptiom, nor do they
advocate that the public be required, or even requested, to alter its
lifestyle by radical metheds of conservation or socioeconomic change.

In the past, power system planning, simply stated, dealt
with the production and delivery of power. The analysis that was per-
formed looked, technically and economically, at the generation,
transmission, and distribution components of the total system. Load .
managenent, by means of DAC systems, extends the planning process past
production and delivery to include energy use. We must still justify
the system technically and economically, but we must also imspect the
energy forms involved from the national interest point of view. Imn
addition, the added components of control and communications and
energy storage in the delivery stage of power production must now be
considered.

It is this new approach to power planning for advanced
utility systems that is being considered in the DOE program. There-
fore, this meeting was called to solicit the input of the industry to
assure that DAC development is properly managed to meet the demands
and needs of our future utility systems.



6.2 EPRI OVERVIEW

Dr. William E. Blair, Project Manager
Electrical Systems Division, EPRI

NOTE
Dr. Blair represented the Electric Power Research
Institute (EPRI) at the DAC Working Group and
reviewed EPRI's involvement in DAC-related researc
His comments particularly focused on the develop-
ment of communications systems and the joint DOE/
EPRI demonstration program. The highlights of his
slide presentation are synopsized here.

EPRI has developed a listing of requirements for d
bution automation systems. The required functions include

] Fault isolation and control.

e Distribution feeder switching/sectionalizing.
[ Capacitor switching.

® Voltage regﬁlaﬁiop and'control.

™ Substation equipment control and metering.

® Customer load control. *

® Time—of-day.

® Remote meter reading.

These elements provide the foundation for the development and analysis
of advanced distribution systems.

EPRI has made particularly extensive efforts in the area
of the communication systems required to support and operate distri-
bution automation and control systems. EPRI and DOE have chosen three
communications concepts to test. These concepts are power lime car-
rier (PLC), radio carrier (RC), and telephone carrier (TC). Each of
these types of systems have warious advantages and disadvantages, liste
below:



Advantages Disadvantages

POWER LINE CARRIER

Gwned and controlled by Utility system must be
utility conditioned

Considerable auxiliary
equipment

Communication system fails if
poles go down

RADIO CARRIER

Owned and controlled by Subject to interference by
utility buildings and trees

Point-to-point communication

Terminal equipment only

TELEPHONE CARRIER

Terminal equipment only Btility lacks control
Carrier maintained by phone Ongoing tariff costs
company

New telephone drops must be
added

Installation requires house
wiring

Communication system fails if
poles go down

EPRI is currently involved in a joint demonstration project

with DOE involving five different utility-manufacturer teams. Three
of these test systems are of the PLC type and one each of the RC and
TC types. Each demonstration is designed to be maximally representa-
tive and informative by meeting certain minimum requirements. Each
host system has at least

® 700 customer meter points.
® 50 distribution control and monitoring points.
® Two or more substations.
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L Three or more feeders.

) Underground and overhead feeders.
o Urban, suburban, and rural feeders.
® Industrial, commercial, and residential

customers.

Each of the utility systems includes a central
customer transmitter/receiver at each meter, and a transmitter/receiver
at each distribution control peint, alsce auxiliary equipment.for the
PLC systems.

This is an extensive project which should provide signifi--
cant results starting in mid-1979, and will be completed by September
1980. The project exemplifies the cooperation between EPRI and DOE
and shows EPRIL's commitment and involvement in DAC development,

6.3 ELECTRIC UTILITY SYSTEM CONTROL IN THE YEAR 2000

Dr. Fred C. Schweppe
Professor, Electric Power System Laboratory
Massachusetts Institute of Technology

Abstract from "Homeostatic Utility Control'*

Homeostatic utility control is defined similarly to
“homeostasis'" in relation to biological functions in humans. It
denotes a type of utility system control wherein the generation/supply
is in equilibrium with the demand/load, by means of advance control
and communication devices. Classical supply-demand interaction has
been primarily controlled by the user. The users have total free will
regarding their power use, and the utility simply does what is neces-
sary to reliably meet the power demands of their customers. At the
other end of the spectrum, total utility control over customer loads
could be an effective mechanism for maximizing the utility's efficiency
but would be undesirable to the customer. Homeostatic contrecl can
provide the utility predictable and smooth load curves to facilitate
careful capital planning and maximize generation efficiency. It can
also satisfy the customers' desires for free will autonomy over thedir
power use by the institution of two new elements, the Energy Market
Place and the Frequency Adaptive Power Energy Rescheduler (FAPER).

#This Abstract refers to a paper by Fred Schweppe, Richard Tabors,
and James Kirtley of MIT entitled Homeostatic Utility Control,

and accurately summarizes Dr. Schweppe's comments at the DAC Working
Group meeting.
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The Energy Market Place is established by means of having
two-way communication from the utility to the load points, which per-
mits the utility to regularly compute an accurate ''spot price," perhaps
every 5 minutes or so, which accounts for the actual cost of producing
power at that point in time. This spot price would take into account
the total load, generating efficiencies, fuel costs, losses, weather
peculiarities affecting the utility system, etc., and be calculated
by a complex set of equations approved by the Public Utility Commission.
The FAPER would assist in controlling various components of a single
customer's load according to the rise and fall in the line frequency,
acting somewhat like a governor. The Energy Market Place would work
by means of allowing the customer to “automatically" balance the load.
Customers could choose to install a unit at their load point which
would be sophisticated enough to predict price patterns and plan a
maximally cost effective load curve. The FAPER could also be designed
to intelligently consider certain price and load patterns. -

The control and communication technology required for the
user's meter and price announcing unit, the two-way communication
system, and the utility generation control and price computing devices
is not trivial, but neither is it beyond today's capability. The most
significant problems to be overcome relate to regulation, customer
acceptance, and utility acceptance of such an entirely new way of
doing business in the utility industry. MNevertheless, the advantages
should be examined as they warrant solving these problems.

By smoothing out load requirements predictable, homeostatic
utility control will-permit less capital outlay due to higher running
efficiencies and smoother operation of generating units having less
system fluctuation. Downstream minor variations are handled at the
site by the user's economic choices related to the ''spot price' of
electricity and the FAPER's activity. This control scenario also per-
mits free will use by the customer in regard to the timing and amount
of his power consumption., In addition, those customers desiring a higher
level of predictability in their power price and availability may as
always, negotiate a long term guaranteed contract. Homeostatic utility
control is technically possible and provides benefits which warrant
overcoming the institutional barriers likely to be encountered in its
implementa?ion.

‘6.4 INTRODUCTION OF TECHNICAL MOTIVATIONS
Chairmen's Panel:

James Hunter, San Diego Gas and Electric -
I.oad Management

Robert Ferber, JPL - Unconventional Energy
Resources



Harold Kitching, New England Power Service -
Distribution System Management

Willdam Prince, Baltimore Gas and Electric -
Emergency State Control

NOTE

Before the start of the first round of working
sessions, the chairmen of the session discussions
on the four Technical Motivations were requested
to introduce their topic and their working session.
The Technical Motivations are Load Management (IM),
Unconventional Energy Resources (UER), Distribution
System Management (DSM), and. Emergency State Con-—
trol (ESC). Their introductory remarks are sum-
marized in this section.

6.4.1 Load Mai..g.ment
James Hunter, San Diego Gas and Electric

The background definitions gnd material on Load Management
(DAC Working Group Information Booklet) provided a good deal of valuable
information. Without spending much time on this detailed informatiom,
already provided, the IM discussion will focus in on a number of more
basic issues:

- Why manage loads?
o What are the objectives for IM?
® How does the regulatory environment influence

decision-making regarding LM?

] Will the American public allow their loads to be
managed?
® What are the societal issues facing LM?

Delving into these broad questions should elucidate more about the
basic purpose, interest, and nature of IM.

Also, Load Management means many things to many people, so
the session will attempt to further tighten down the definition of the
term. We must understand what it is we are all talking about. IM is
an important new step for the utility industry because, in essence,

IM means that we are now going to consider offering different types of
service to the customer: Cadillac, Chevy or Ford. We must carefully
weigh the requirements and ramifications of this new step.



6.4.2 Unconventional Energy Resources

Dr. Robert Ferber, Jet Propulsion Laboratory

NOTE

The UER Working Session was combined with the IM
Working Session. ‘ Since James Hunter had intro-
duced the working session quite thoroughly,

Dr. Ferber chose to orient the DAC Working Group
participants to UERs as new technology entering
the electric utilities' domain. Dr. Feber's
major points on UER are given here, especially
those relative to LM. However, most of his com-—
ments specific to solar energy were given im his
dinner presentation, in Section 6.5 of this
Proceedings.

Unconventional Energy Resources are quite important in the
development of DAC technology because UERs will be making a significant
entrance into the electric utility generation mix in the next 10 to
15 years. UERs will most frequently fit dinto the category of dispersed
storage and generation. Such technologies include battery storage,
compressed air storage, fuel cells, etc. These technologies all point
towards- increasing energy efficiencies, which is also a specific,
stated goal of the DOE program for DAC (see Section 5.1). DOE is also
encouraging maximum penetration of renewable domestic energy resources
which points towards UER technologies such as solar, wind, and fuel
~cells. Therefore, UER implementation is quite supportive of DAC

development. The management of these dispersed sources, as they become
a significant portion of a given system's generating capacity, will be
a new and difficult task. Properly designed DAC systems can be par-
ticularly helpful in accomplishing the task of controlling these units.
Any recommendations for how the UER/utility system interface should
function relative to contrel, safety, rate structures, etc., will be a
significant contribution from this DAC Working Group.

6.4.3 Distribution System Management
Harold Kitching, New England Power Service Company

The four Technical Motivations can be seen as analogous to
a stand of trees. We see the towering pines of Load Management, the
stalwart oaks of Emergency State Control, and the colorful maples of
Unconventional Energy Resources. A closer look also reveals the white
birches, if you will, of improved service quality and operating effi-
ciency. There they are, but where in this analogy is a symbol of
Distribution System Management? It is missing, but some might suggest
that we have been standing just a littie too close to the trees to see
the forest, for indeed it is the forest.itself that is the svmbnl of
Distribution System Mapagement.



Clearly all of the motivations that we are going to
consider lead to changes which impact the utility distribution system.
As Distribution System Management encompasses all of the motivatiouns,
it may provide a very valid viewpoint for the purpose of examining the
economic considerations of Distribution Automation and Control. It is
this total economicé picture that is required. In a narrow view one
might screen out those portions of the other motivations which are
indeed closely related to supply considerations. Would distribution
system management still be a significant motivation for Distribution
Automation and Control? If we were to respond to this question in .
the context of today's systems, performance, and needs, the answer
might be obvious, but what about tomorrow's needs, with tomorrow's
loads, and the distribution systems that will supply them? Distribu-
tion systems continue to benefit from the economy of scale as the
voltages move from 15 to 24 to the 34-1/2 kV. classes. Can we reason-
ably expect to continue to enjoy these economies of scale and operate
our systems in the same manner as we have at the lower voltages?

There are opportunities-to operate tomorrow's systems, or
even today's systems efficiently and economically by using Distribution
Automation and Control techniques. Well, hopefully our discussions on
the subject and the questions that follow will clear out some of the
underbrush from our forest, so that the key issues will be more visible.
Then we can get down to chopping some wood.

6.4.4 Emergency State Control
William Prince, Baltimore Gas and Electric

The first thing to examine is the definition of Emergency
State Control. My perspective comes largely from a bulk power system
point of .view, being the Chief System Operator for Baltimore Gas and
Electric: Now, with the advent of DAC systems, we aré to look at
applications of ESC down to the level of the distribution system. ESC
currently exists, in various forms, at the bulk level where certain
emergencies can be dealt with through a shift in géneration or perhaps
even closihg or opening a line. However, if these sclutioms fail,
then load shedding of one form or amother is used on the distribution
system. This can take the form of voltage reduction, rotating load~-
shedding or rapid load dump. Supervisory Control and Data Acquisition
(SCADA) systems, energy control centers, etc., are common. A major
difficulty in control within the distribution system is selectivity,
due to the size of the system and thousands of multiples of various
types of equipment units. DAC systems could be quite valuable if they
significantly increase the selectivity of control systems over current
systems.

Precisely what ESC is must be examined, as it can mean
many things. An emergency state can arise from cars knocking down
poles, people digging into cables, squirrels getting into line equip-
ment or most traumatically, a storm. Emergency State Control methodo-
logy depends on the source and type of the emergency. In fact, in the
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distribution system, there currently is no ESC. Response to failures
in the distribution system is not really ESC, it is an attempt to
minimize restoration time. The distribution system is in either a
normal or restorative state.

The reliability of today's distribution systems is very
high. Many of the restoration requirements in the distribution system
can only be met by sending a crew into the field to repair the downed
line, etec. Because of all these factors, DAC systems must demonstrate
a significant improvement in fault location apd/or fault restoration
before they can be justified on the basis of ESC. The real issue is
the economic cost effectiveness in light of what service the public is
going to receive and what they are willing to pay for it. We must
discuss and determine what genuinely valuable ESC related functions
DAC technology can provide at a reasonable cost.

6.5 SOLAR ENERGY AS AN UNCONVENTIONAL ENERGY RESOURCE
Dr. Robert Ferber

Requirements Definition Task Manager, SPSA Program
Jet Propulsion Laboratory

NOTE

Dr. Ferber reviewed rhe field of solar energy
research. His major comments are synopsized here.

Solar energy takes many forms. It can be tapped through
innovative architectural design, it can be gathered by collectors for
heating and cooling, it can be concentrated for intermediate and high
temperature applications, it can be converted directly into electricity,
and can also be utilized indirectly in the form of wind, falling water,
various forms of biomass including forest products, and ocean tempera-
ture gradients.

The amount of solar energy that reaches the earth's sur-
face in 2 weeks is equivalent to the energy in all known fossil fuel
reserves. HNevertheless, use of this abundant energy source at present
is very modest. In the U.S., indirect solar sources (hydropower, com-
bustion of biomass) account for-only 5 percent of the national energy_
supply. Worldwide, the figure is about 15 to 20 percent.

Efforts are beginning, however, to develop the broad range
of solar applications. Some technologies, such as passive solar design,
combustion of biomass, and active solar hot water and space heating,
are economic in many regions now. Others, such as biomass conversion
to liquid and gaseous fuels, and solar technologies for generating
electricity, require further research. The solar technologies which
can be used for electric power generation are briefly summarized here.
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6.5.1 Solar Thermal Power Systems

Description

Solar thermal power systems involve direct conversion ot
solar energy to thermal energy, and subsequent conversion of the thermal
energy to mechanical energy in a heat engine. The mechanical output
of the engine can be used to generate electricity.

Present solar thermal power systems are of two types:
those using a central receiver system .and those using a distributed
receiver system. Both systems collect and concentrate the direct
(rather -than the diffuse) component of sunlight and utilize it to heat
working fluids such as high pressure water, steam, hydrocarbon oils,
molten salts, and liquid metals.

Markets

The solar thermal power program is aimed at three major
applicatinns:

(1) Large-scale centralized electric power generation

(2) Smaller-scale dispersed applications for electric
power generatiom

(3) Smaller-scale on-site total energy applications
involving both electricity and heat producticn.

6.5.2 Photovoltaics

Description

Photovoltaic cells convert sunlight directly into elec-
tricity through the use of semiconductor materials such as silicon,
cadmium sulfide, and gallium arsenide. Photovoltaic cells are grouped
into arrays which are combined in a total subsystem, including power
processing, control, and interface equipment. )

The current DOE program goals are to reduce the cost of

solar arrays to $2/Wp of electric capacity by 1982, $0.50/Wp by 1986,
and $0.10 to $0.30/Wp by 1990.

Markets
In addition to developing the U.S. market, there is

presently a much larger market in the less developed countries for
power in.remote villages.
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With subsequent reduction in array costs, photovoltaic
systems will be attractive for dispersed power generation and are
potentially suitable for peak and intermediate electric power
generation.

6.5.3 Wind Energy Systems

Description

Wind energy has long been used tor water pumping anda gen-—
erating electricity. Modern wind machines perform these functions in
on~site applications and may also generate electricity for distribution
through a utility grid.

The energy output of a wind turbine is prinecipally a func-
tion of wind velocity at the site and rotor diameter of the machine.

Markets

DOE is pursuing the development and demonstration of small
machines (2 to 40 kWe) which could be utilized by an individual rural
home, farm, or ranch and intermediate sized machines (100 to 200 kWe)-
for use by towns and rural electric cooperatives.

The wind resource base is large: 2 to 5 quads of electrical
power, according to recent estimates.

6.5.4 Ocean Systems
Description

Renewable ocean energy resources take several forms and
can be used to generate substantial quantities of electricity and to
produce energy-intensive products. Ocean energy system concepts under
study and development include Ocean Thermal Energy Conversion (OTEC),
salinity gradients, ocean currents, and ocean waves. In the near term,
OTEC appears to be the most promising ocean energy option and is
receiving the greatest emphasis.

An OTEC system would use ocean temperature differences
between warm surface water and cold water from the depths to pro-
duce baseload electricity. Typical systems for achieving this con-
version may use ammonia as a working fluid, which is evaporated by the
warm water, drives a turbogenerator, and is then condensed by the cold
water. OTEC energy would be utilized as electricity conveyed to shore
by submarine cable, and in the production of energy-imtensive products
(such as ammonia, aluminum, hydrogen, chlorine} on or near the OTEC
platform.
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Markets

OTEC-generated baseload electricity would be of most
interest to utilities in the southern United States and to those
serving Hawaii and Puerto Rico. Also, energy intensive chemicals
might be preduced on OTEC plantships and delivered to port.
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SECTION 7

WORKING SESSIONS

The most valuable of the DAC Working Group's activities took
place in nine Working Sessions. In these, the four Technical Motivations
and six Areas of Issues related to DAC development were discussed. As a
basis for the discussions, all of the participants were provided with
the DAC Working Group Information Booklet, which identified and
discussed the Technical Motivations and Areas of Issues. These Working
Sessions wexre conducted by chairmen chosen from within the utility
community., Each group met for two to three hours to discuss the
definition of and pertinent issues related to the particular area of
DAC development with which the session was concerned. The results of
these discussions are recorded in Sections 7.1 through 7.9.

7.1 LOAD MANAGEMENT AND UNCONVENTIONAL ENERGY
RESOURCES COMBINED WORKING SESSION

Co~Chairmen:

James Hunter (Load Management)
Manager, Marketing Programs
San Diege Gas and Electric Company

Dr. Robert R. Ferber (Unconventional Energy Resources)
Requirements Definition Task Managex, SPSA Program
Jet Propulsion Laboratory

NOTE

The Load Management (LM) and Unconventional
Energy Resources (UER) Technical Motivation
Working Sessions were combined in order to
have adequate session attendance in both areas
for a healthy interactive discussion. In
response to the primary interest of the
majority of the session participants, the
discussion focused heavily on issues related
to Load Management.

7.1.1 Revised Definition Statement -~ Load Management

The group immediately focused on examining the definition
of Load Management presented in Fact Sheet 1 of the DAC Working Group
Information Booklet (see Appendix D). The discussion revolved primarily
around the issue of reserve requirements being affected by the advent
of IM. The group dgve}oped the following revised definition (the
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quoted portions of the definition are taken unchanged from the definition
in Fact Sheet 1 in the Information Booklet):

From the DOE Program Plan (DOE/ET 0004):

"Load Management is the systems concept of alter-
ing the real of apparent pattern of electricity
use in order to '
1. dmprove system efficiency
2, shift fuel dependency from limited to
more abundant energy resources'
3. reduce reserve requirements while main—
taining reliable service to essential
loads.

) The group recognized that adequate time was not available to
discuss the impact of load management on spinning reserve, 10-minute or
other reserve criteria. Therefore, the above definition needs further
clarification in these areas.

7.1.2 Definition Statement - Unconventional Energy Resources

The definition of Unconventional Energy Resources in Fact
Sheet 4 of the Information Booklet was not challenged. Portioms of that
definition are re-stated here for reference purposes.

"Unconventional Energy Resources (UER) are energy
storage or generating systems using renewable
resources or devices ... to complement conven-
tional power generation (fossil and nuclear steam
turbine, hydro, gas turbine) methods. A common
charac